A mouse Mix-like gene, Mml, related to the Xenopus Mix/Bix homeobox gene family and the chick CMIX gene has been identi®ed. At E5.5, Mml is expressed symmetrically in the visceral endoderm but by E6.0 this expression is noticeably asymmetric. At E6.5, expression is restricted to the nascent primitive streak. Mml expression persists in the primitive streak through E7.5±E9.5, marking those cells fated to form extra-embryonic and lateral mesoderm. q
Results
The Mix.1 homeobox gene was identi®ed in Xenopus as an activin early response gene (Rosa, 1989) . A family of Xenopus Mix genes, Mix.1±3, has been isolated by interaction screening (Mead et al., 1998 ) and a family of related genes, the Bix genes, has been cloned by differential screening (Tada et al., 1998) . In the presence of FGF, all the Xenopus Mix genes are able to induce blood in animal caps. Mix.3/Mixer has the additional ability of being able to induce endoderm markers (Henry and Melton, 1998; Mead et al., 1998) . A Mix related gene, CMIX, was recently discovered in the chick (Peale et al., 1998; Stein et al., 1998) . Although similar in sequence to the Xenopus Mix genes, the functional relationship between the chick and Xenopus genes remains unclear. To enable a genetic study of this gene family to be undertaken, a mouse Mix-like (Mml) gene has been isolated (Genbank: AF135063).
The predicted Mml homeodomain is most closely related to that of CMIX, sharing 79% identity and 84% similarity (Fig. 1A) . It is more distantly related to the Xenopus proteins, sharing a high of 66% identity and 69% similarity with the Mix.1 homeodomain and a low of 57% identity and 64% similarity with the Bix.4 homeodomain. Phylogenetic analysis suggests that the mouse and chick proteins are more closely related to a common ancestor of the Xenopus Mix and Bix families than to any individual member of these families (Fig. 1B) . The almost complete identity of the third helices of these proteins (Fig. 1A) suggests that they interact with similar targets, as the third helix is responsible for sequence speci®c binding (Gehring et al., 1994) . Outside of the homeodomain, the mouse, chick and Xenopus proteins share only short regions of homology. The conservation of polar and acidic residues in the C-termini of the mouse, chick and Xenopus proteins (Peale et al., 1998; Tada et al., 1998) (Fig. 1C ) suggests that these regions are functionally important.
The expression pattern of Mml has been examined by whole mount in situ hybridization from embryonic day (E) 5.5±E11.5. At E5.5, Mml expression was observed in the visceral endoderm underlying the embryonic ectoderm ( Fig. 2A) . In a more advanced E5.5 embryo Mml expression appeared asymmetric (Fig. 2B) . By E6.0, the asymmetry of Mml expression had become more pronounced. In addition, expression was now restricted to near the embryonic/extraembryonic boarder (Fig. 2C ). At E6.5, expression was seen in the nascent primitive streak (Fig. 2D ) and the emergent mesodermal wings (Fig. 2E, Fig. 3A ). This pattern of expression was maintained through primitive streak elongation (Fig. 2F) . Expression was, however, noticeably absent in the most anterior streak. The maximum rostral extent of Mml expression was reached at the Early Bud Stage (Fig.  2G ). At this time expression was con®ned to the primitive streak and emergent mesoderm (Fig. 3B) . No expression was observed in either the de®nitive node or notochord. After this stage, expression retracted to the posterior streak and the base of the allantois (Fig. 2H) . At E8.5, expression continued in the posterior primitive streak (Fig. 2I,J) and an additional domain of expression was observed in the crown cells of the node (Figs. 2J and 3C ). At E9.5, weak expres-sion was apparent in the tail bud (Fig. 2K ) and this pattern was maintained through E11.5 (data not shown).
The pattern of expression of Mml during gastrulation is similar to that of its relatives CMIX, Mix.1 and Bix.1. All four genes are expressed in the primitive streak or the Xenopus equivalent the blastopore lip. They are, however, all excluded from the most anterior streak or dorsal lip, the region fated to form the notochord (Lemaire et al., 1998; Peale et al., 1998; Stein et al., 1998; Tada et al., 1998) . In contrast Mix.3/Mixer is expressed in the dorsal lip (Mead et al., 1998) . The asymmetric pattern of Mml expression in the visceral endoderm prior to gastrulation is of particular interest, especially since CMIX is expressed in the posterior marginal zone of the pre-gastrula chick embryo (Peale et al., 1998; Stein et al., 1998) .
Methods
PCR primers were designed to homologous stretches between CMIX and a human EST (AA847809). The primers were used in a modi®cation of 5 H and 3 H RACE on plasmid based embryonic E6.25 and E7.5 cDNA libraries. A number of clones were obtained representing alternative processing of a single gene, Mml. The sequence of Mml (AF135063) was con®rmed by genomic sequencing of mouse SV129 DNA. Sequence analysis was performed using the GCG suite of programs. Expression patterns were examined by whole-mount in situ hybridization. Antisense digoxigenin riboprobes were prepared from linearized plasmids using digoxigenin-dUTP (Boehringer Mannheim). E5.5±8.5 embryos were probed using a previously described protocol (Henrique et al., 1995) . An alternative protocol was used for E9.5 (Conlon and Rossant, 1992) gene expressed before and during formation of the avian primitive streak. Mech. Dev. 75, 163±165. Tada, M., Casey, E.S., Fairdough, L., Smith, J.C., 1998. Bix1, a direct target of Xenopus T-box genes, causes formation of ventral mesoderm and endoderm. Development 125, 3997±4006.
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